The authors designed ResearchMatch, a disease-neutral, Web-based recruitment registry to help match individuals who wish to participate in clinical research studies with researchers actively searching for volunteers throughout the
launched volunteer registration tools in November 2009 and researcher registration tools in March 2010, ResearchMatch had, as of June 2011, registered 15,871 volunteer participants from all 50 states. The registry was created as a collaborative project for institutions in the Clinical and Translational Science Awards (CTSA) consortium. Also as of June 2011, a total of 751 researchers from 61 participating CTSA institutions had registered to use the tool to recruit participants into 540 active studies and trials. ResearchMatch has proven successful in connecting volunteers with researchers, and the authors are currently evaluating regulatory and workflow options to open access to researchers at non-CTSA institutions.
Challengestorecruitingparticipants
for research studies obstruct the progress of clinical and translational research, 1 slowing the pace of research, frustrating investigators and participants, resulting in statistics too weak to support efficacy or safety conclusions, and possibly exposing participants to unnecessary risks with no compensatory societal benefit. 2 Despite campaigns to raise the rates of enrollment and retention in research studies, approximately threefourths of the public report having little or no knowledge about the clinical research enterprise and how to participate. 3 Further, only an estimated 2% of the U.S. population participates in clinical research each year. 4 In sharp contrast, 83% of Internet users have searched online for medical information, with 66% seeking information on specific diseases or medical problems. 5 ClinicalTrials.gov, the U.S. Library of Medicine's registry of over 110,000 clinical trials in 174 countries (created in 2000 in response to the 1997 FDA Modernization Act), reports over 65,000 visitors each day, revealing the public's interest in accessing information about clinical trials. 6, 7 Potential participants, however, face difficulties in finding relevant information on specific research studies. Many are simply unaware of the available resources, 8 and those who have found the resources may lack familiarity with the complex medical terminology necessary to understand the purpose and scope of many research studies. 9 Study recruitment is not only of interest for the public sector but is also a necessity for research teams at academic medical centers. In 2008, motivated by, among other things, these challenges to recruitment, the Clinical and Translational Science Awards (CTSA) consortium established a framework for what would eventually be five strategic goals deemed necessary to set a national research agenda and guide consortium-wide activities. 10 The stated mission of the CTSA National Clinical and Translational Research Capability Strategic Goals is to improve all processes related to the development, approval, activation, enrollment, and completion of clinical trials. 11
A Novel Recruitment Model for the CTSA Consortium
Recruitment registries have traditionally been local, connecting researchers at particular institutions with participants from the surrounding communities, [12] [13] [14] [15] or disease-specific, encouraging individuals with certain health conditions to participate in clinical research. 16 -20 Some registries are developed by academic medical centers; others are commercial ventures.
ResearchMatch design
We proposed ResearchMatch as the first registry to support research teams across the national CTSA consortium and to benefit all U.S. residents regardless of medical condition. Vetted by the CTSA Informatics Key Function Committee and approved for supplemental funding by the National Institutes of Health's National Center for Research Resources, the project was launched in December 2008. We convened a group of 43 regulatory, recruitment, and informatics experts from across the CTSA consortium to serve as key informants in defining ResearchMatch's design requirements, data confidentiality framework, and governance model. In devising ResearchMatch, our primary considerations were generalizability and equitable access for all participants. Consequently, the registry's design is institution-and disease-neutral, allowing anyone residing in the United States to register as a potential participant. The registry is available at no cost to volunteers and also to researchers at CTSA institutions that have joined the ResearchMatch network.
Another key consideration was the protection of volunteers' contact information and health data. We devised a clearinghouse model that blocks identifying information on a researcher's screen until the volunteer specifically gives approval to be contacted for a specific study. Even after receiving such approval, researchers using ResearchMatch must agree to treat all identifying information as confidential.
ResearchMatch was developed and is hosted at Vanderbilt University. Vanderbilt's institutional review board (IRB) provides human subjects protection oversight for the overall project; specific studies recruiting through ResearchMatch must receive approval from their own IRBs.
Because individual CTSAs generally include a collaborating group of hospitals and academic medical centers, we designed ResearchMatch to accommodate researchers from any institution associated with an award, as long as that institution joins the ResearchMatch network. Joining the network requires signing a legal document of participation (the Master Institutional Registry Agreement) and assigning at least one institutional liaison (see below) to coordinate the local IRB's involvement and facilitate researchers' and participants' awareness and engagement.
Stakeholders
The two primary stakeholders for ResearchMatch are the study volunteers and the researchers seeking study participants. Given our objective to create registry access for any researcher at any CTSA institution, we recognized the need for a third stakeholder, the institutional liaison, who monitors and manages local requests to access ResearchMatch. The following definitions clarify the stakeholders' roles and responsibilities.
• Volunteers are individuals who have an interest in being considered for participation in research studies or trials. All U.S. residents over the age of 18 are eligible to register themselves or children and disabled or elderly family members for whom they are parent, guardian, or caretaker.
• Researchers are employees or affiliated staff at academic medical centers or hospitals that have joined the ResearchMatch network. Once registered as a researcher, a principal investigator or designated research study coordinator may search the registry to find volunteers matching his or her study's inclusion/exclusion requirements.
• Institutional liaisons are individuals appointed by participating institutions to authorize local research teams to use ResearchMatch. Liaisons typically have a strong interest in community engagement and study recruitment. They also maintain familiarity with their IRBs' regulatory procedures and have access to the IRBs' approval letters and study status information. They actively engage with the registry oversight team at Vanderbilt University via biweekly conference calls and a liaison e-mail listserv. Liaisons may also participate in the local marketing and promotion of ResearchMatch.
Implementation of ResearchMatch

Technical infrastructure
ResearchMatch's software application and back-end infrastructure are built on a PHP and MySQL technology framework. 21, 22 All data are securely stored on Web servers maintained within the Vanderbilt University firewall. All research subject recruitment data sent between Web server and browsers are encrypted using Secure Sockets Layer protection. Furthermore, all identifiable health and contact information is stored within the database in encrypted format.
Registering volunteers
Volunteers wishing to participate in studies and trials may register at the ResearchMatch Web site (www.researchmatch.org). The registration process takes approximately 5 to 10 minutes. Volunteers must first review and accept IRB-approved consent language. After creating a unique username and password, they provide contact (name, address, phone, e-mail) and demographic (date of birth, height, weight, gender, race, ethnicity, tobacco use, multiple birth status) information. Age, body mass index, and travel distance to participating institutions are automatically calculated from these data.
Volunteers then provide details about their medical conditions and current medications. If a volunteer has been diagnosed with a medical condition, he or she types a description (e.g., "high blood pressure," "Parkinson disease") into a text box, triggering an algorithm that matches text input to diseases and conditions described in the Unified Medical Language System (UMLS) metathesaurus. 23 If an exact match is not found, the volunteer is presented with suggestions based on synonymy and partial key word matching. The volunteer may enter as many conditions as applicable. The volunteer then provides information on prescription and overthe-counter medication following a similar process. All entries are recorded using standardized UMLS coding terminology. This mapping of text to UMLS atomic unique identifiers and concept unique identifiers is essential so that researchers, whose technical terminology may differ from volunteers' lay language (e.g., "hypertension" versus "high blood pressure"), can still find matches.
Finally, volunteers indicate their travel preferences (e.g., "only contact me for studies requiring travel Ͻ50 miles"). Although ResearchMatch allows volunteers (and researchers) to specify acceptable distances for studies that require travel, it does not preclude volunteers from participating in behavioral survey studies that do not require travel or rare disease studies that typically enroll participants who travel great distances. Volunteers may also suggest quality improvement ideas for the ResearchMatch registration process. They receive e-mail confirmation of their registration and can access their ResearchMatch profiles to modify or update information at any time by logging into the site. The system logs usage by volunteers; it contacts volunteers who have not logged in for 12 months to ensure continued interest and up-to-date contact, demographic, and health information.
Registering researchers
Researchers from any participating institution may use ResearchMatch to recruit study participants. Researchers must first agree to ResearchMatch's rules of use, including maintaining volunteers' confidentiality and stipulating that all activity will be approved by local IRBs. After creating a ResearchMatch profile (contact information plus username/ password), the researcher must electronically submit an IRB approval letter for at least one actively recruiting study.
Researchers' access requests are automatically routed to the appropriate institutional liaisons, who confirm the requests' legitimacy and accuracy using local IRB approval letters. Once access is approved, the liaison sets an access expiration date that corresponds to the study's local IRB expiration date; the liaison can extend the access expiration date on receiving proof that the local IRB has extended its approval. ResearchMatch allows more than one authorized researcher to access the same protocol (e.g., a principal investigator plus multiple study coordinators). Access by other researchers in the same study requires permission from the principal investigator and the institutional liaison.
Researchers may request "feasibilityonly" access without submitting active IRB study documentation if they wish to determine the approximate number of ResearchMatch volunteers who meet theoretical study requirements. Generally used to generate study hypotheses or to determine the usefulness of ResearchMatch for a particular study, feasibility-only access does not permit contact with volunteers.
Matching researchers and volunteers
Once their access requests have been authenticated and approved, researchers may recruit potential study participants. ResearchMatch's intuitive interface lets researchers filter the list of volunteers by specifying one or more of the following criteria: geographical constraint (by maximum distance from one's institution and/or state of residency), demographic data (age, height, weight, body mass index, gender, race, ethnicity, tobacco use, multiple birth status), medical conditions (by choosing volunteers who reported no medical conditions or by using text strings, which undergo the same process of being matched to terminology in the UMLS metathesaurus), and medications (similar in process to medical conditions). They may use clustering of conditions and Boolean logic when specifying filter criteria (e.g., [myocardial infarction OR congestive heart failure] AND [asthma] BUT NOT [prostate cancer]). Researchers may save the filtering criteria for repeated use within the same study.
The search module systematically narrows the pool and displays a deidentified list of matched volunteers. Researchers may examine each deidentified health profile to further refine their lists. Once a researcher has a final list, ResearchMatch sends each volunteer an e-mail, which contains IRBapproved language notifying them that a researcher at a named institution believes a particular study might be of interest to them. The e-mail notification asks the volunteers to indicate, by clicking on hypertext links, whether or not they are interested in being contacted with further information about the research study. When a volunteer indicates such an interest, ResearchMatch notifies the researcher. If the volunteer indicates no interest (by clicking "No" or by taking no action), ResearchMatch maintains the volunteer's anonymity and logs the response. Volunteers who click "No" are presented with a list of options through which they may delineate the reasons for their lack of interest. Researchers may also set ResearchMatch to automatically contact new (or updating) volunteer registrants who match the researcher's filtering criteria. They then receive notifications when new "Yes" volunteers are found. Researchers may access a study-specific ResearchMatch dashboard to observe general response trends to their recruitment e-mails.
Researchers who receive notification of an interested volunteer may access the study-specific dashboard to see the volunteer's contact information. They may then follow up by contacting interested volunteers by e-mail, phone, or surface mail. Further steps, such as study education and consent processes, are performed outside the purview of ResearchMatch. Researchers are encouraged, though, to use their studyspecific dashboard to track the status of interested volunteers as they are contacted and then enrolled or deemed ineligible for a study. This tracking mechanism is provided as a service to research teams and also serves as the primary method for ResearchMatch to collect enrollment statistics for volunteers.
ResearchMatch's First 19 Months
Volunteers
In the 19 months following ResearchMatch's launch on November 10, 2009, 15,871 volunteers registered at the site. With the exception of several jumps in registration that followed largescale press releases and registry announcements, ResearchMatch has steadily grown at a rate of approximately 21 new volunteers per day (Figure 1 
Researchers
We delayed the release of the researchers' search and contact tools by approximately four months to allow time to form a critical mass of volunteers. Since March 2009, the number of researchers using ResearchMatch has steadily increased ( Figure 1) , with 751 researchers registering from 61 participating institutions. Of those, 511 have full access for searching and contacting volunteers for a total of 540 specific studies, and 240 have limited, feasibility-only access.
When researchers register for study recruitment access, they provide basic information regarding their study, including protocol type and population of interest (adult, pediatric, or both). Table 2 breaks down the 540 studies by protocol type. Roughly half (55%) of the studies using ResearchMatch are clinical trials. Table 3 breaks down the studies by population of interest.
Positive interest
During the first 19 months of ResearchMatch's operation, researchers sent 68,673 e-mails to 13,462 volunteers.
Some research teams surgically filtered their lists before sending the bulk messages, whereas others cast wider nets, assuming that the volunteers' response patterns would compensate for a lack of specificity. Figure 2 plots the total number of volunteers contacted against the number of volunteers who responded with interest for each individual study. The positive response rate appears linear, with approximately one of every five contacted volunteers expressing interest. Tables 2 and 3 show numbers of contacts, interested responses, and enrollment categorized by study type and population of interest.
Negative interest
Approximately 7.3% of contacted volunteers clicked the "No" option, actively indicating a lack of interest in the studies laid out in the bulk e-mails they received. Reasons they gave for nonparticipation included "I do not think I meet the requirements for this study" (3.8% of all contacted volunteers), "I am not interested in this research study" (1.1%), and "I do not have time to get involved" (0.6%). Other common reasons, given as free-text feedback, included concerns about distance, recent changes in health status (often pregnancy), and commitments to participate in other, concurrent studies. Research teams have access to this feedback to help them improve their volunteer-selection filters and compose more effective study advertisement language.
Analysis, Limitations, and Projected Work
Subscribing to the philosophy that "used systems get better," we constantly evaluate ResearchMatch and evolve it to better serve the needs of all stakeholders. Volunteers, researchers, and liaisons can, via e-mail, submit questions, problems, and suggestions; the ResearchMatch team reviews and logs these submissions for immediate or future action. In this section, we analyze the experience gained in building and operating ResearchMatch to date, as well as plans for growing and evolving the project for the future.
Volunteer population diversity
ResearchMatch has attracted more than 15,800 volunteers from all 50 states. Racial and ethnic balances are important 24 The gender gap is even larger: Females are clearly overrepresented (72.7% versus 50.9%). 24 Given our previous experience with Vanderbilt's local Web-based recruitment registry, we did not find these gaps surprising, but we think they are important and warrant further exploration. 15 We believe that exploring alternative ways to promote ResearchMatch in diverse racial and ethnic communities, especially in collaboration with the CTSA's community engagement and communications committees, can help narrow these gaps. We are also considering a Spanish-language version of ResearchMatch. Although promotion and the development of additional tools may help, we anticipate that racial and ethnic gaps may always exist because of well-documented issues of socioeconomic disparity, Web-based recruitment, and self-reporting biases. [25] [26] [27] [28] Still, we look forward to leveraging the recruiting expertise of many of our 141 institutional liaisons and to devising and testing recruitment plans that reach diverse geographic and cultural environments.
FDA
Volunteer population quantity
ResearchMatch's single largest limitation at the end of 19 months of operation is the relatively small pool of volunteers.
The registry currently has more than 16,000 volunteers, but this is a minute fraction of the U.S. population. Although all 50 states are represented, 74% of the volunteers reside in only 10 states; 25 states have fewer than 100 volunteers each. This heterogeneity is best explained by the variability of effort that local liaisons expend in marketing and raising awareness of ResearchMatch within their communities.
A registry is effective only if stakeholders know and use the system, so we have enlisted the liaisons to create and share low-cost marketing tools for local advertising of ResearchMatch. These tools have included participating in local health fairs, advertising on public video displays around medical center campuses, posting a YouTube video that describes the benefits of volunteering for research, starting a program in which community health organizations exchange URL links, partnering with national organizations to promote national health awareness days, and sponsoring community fun runs. For a nominal fee of $50, one CTSA institution negotiated the placement of the ResearchMatch logo on t-shirts for a local race. ResearchMatch also makes daily updates to its Facebook and Twitter accounts, "liking" (Facebook) and "following" (Twitter) all CTSA institutions and other health-related organizations such as Special Olympics, the American Cancer Society, and St. Jude Children's Research Hospital. The daily postings focus on providing health education, recognizing national health awareness days, and finding opportunities to participate in research. These social marketing methods are already paying off in terms of increasing awareness and recruitment in underrepresented areas. 
Clinical Research
Volunteer health information
We devoted significant time to ensuring that the registration process enables volunteers to accurately and conveniently enter their known medical conditions and medication usage. Volunteers type in their conditions and ResearchMatch automatically searches for and suggests standardized terms found in the UMLS metathesaurus. ResearchMatch maps all free-form entries to coded terminology mapping procedural operations. When we first launched ResearchMatch, we found that approximately 10% of registrants had problems finding standardized matches for their conditions or medications. Because the majority of these problems came from spelling mistakes, we added an auto-completer function to assist during data entry; this has reduced reported problems to less than 5%. 
Researcher activity and study matching
ResearchMatch has proven itself an effective tool for matching volunteers with researchers conducting clinical and translational research. The enrollment data in Tables 2 and 3 most likely represent a very conservative estimate given that we ask but do not require researchers to let us know when ResearchMatch volunteers are enrolled. More and more researchers are using the tracking tools we provide, and, if necessary, we may add stronger incentives for reporting the status of volunteers. Table 2 shows that a high percentage (74%) of known enrolled study participants are enrolled in behavioral studies, but nearly 500 volunteers are known to have enrolled in other types of studies.
Approximately 20% of the volunteers contacted with specific study messages indicated that they were interested in the study (Figure 2 ). Within the ResearchMatch network, we are considering "research on research" examinations of outlier studies that have much higher or lower response rates than the measured "normal" rate. By studying these overachieving and underachieving studies, we hope to characterize useful best practices for searching and contacting volunteers.
Sustainability and potential for future growth
The CTSA program was designed to support diverse scientific research and to leverage the collective power of 60 toptier research institutions. We are indebted to all the institutions of the CTSA consortium, which has been essential in building both the technical workflow and regulatory permissions model for ResearchMatch. The cost of maintaining ResearchMatch is small in comparison to the value derived across the network, and we anticipate continuing to support and grow the program indefinitely.
Although the CTSA consortium is substantial, it serves only a subset of research teams conducting research in the U.S. today. We are also currently exploring ways to expand ResearchMatch network access to academic institutions beyond the CTSA consortium.
Conclusion
ResearchMatch has proven successful as a national, disease-neutral, institutionneutral, Web-based tool for recruiting study participants. The project has built collaborative bridges between 61 academic research institutions and helped recruit participants for many studies. Volunteers have reacted positively to the secure, self-service model that allows them to actively manage their health histories, and research teams have found the tool's model for permissions and self-service search and contact effective. As we continue to invest in the program, we look forward to improving and growing it to meet the ever-evolving needs of the volunteer and researcher communities.
Teaching and Learning Moments A Surgeon at Night
Like many important lessons in surgery, this one came at night. Hospitals change when the sun goes down-mere survival becomes paramount. Particularly early in training, we learn who we are as doctors at night. The feelings of fear and confidence meld together. Unlike in the operating room, rarely is anyone looking over your shoulder at night. During the day, we present our best selves to our colleagues and patients. At night, though, we are tired and often our defenses are worn down.
Typically, we review labs and radiology studies prior to seeing the patient because it's more efficient. However, the emotional side effect is detachment. The patient becomes a sick colon that we'll have to remove. As residents, we rationalize our reactions because this practice optimizes the time that we spend on each consult. With so many patients to see and only 80 hours a week to do so, every second counts. The need is even more acute at night; we just try to stay afloat until our replacements arrive at 6 AM.
One night, I was paged about a female patient reported to have the most holy and coveted of all nontraumatic surgical diagnoses-an acute abdomen. I rushed to review her CT scan, searching for any indication that surgery was necessary. Like a shark who smells blood, I was following the trail that led straight to the OR.
The case seemed innocuous enough. From her CT, the patient looked frailnot terribly young or healthy even before her most recent intestinal insult. Her internal organs all showed the signs of age. I felt so smart after my computer biopsy-ready to go forth and operate. She was another sick colon to me, one of many in a steady stream of cutting, dissecting, sewing, and ultimately learning.
The attending came in to see the patient. She is the type of physician who I would want taking care of my mother's, my wife's, even my own, sick colon. She simply talked to the patient. And I listened. The patient lived alone, albeit with much help from family and friends, so she was unwilling to do anything that would compromise her independence. Admittedly, when I saw her labs, CT scan, and finally her in person, I immediately thought, "nursing home." After talking to her, we chose not to operate. I never found out the details of what happened to her after that, an underappreciated side effect of night rotations. However, I do know that staying out of the OR was the right decision that night.
So much of our training seems diametrically opposed to restraint, to knowing when to stop. At times, it even appears at odds with rational thought. The gray area between the appendectomy and the Whipple, the gunshot wound to the abdomen and the aortic dissection, is where we learn how to be doctors. Those brief moments sitting on the bed and listening are what patients remember. They don't see the quality of an anastomosis or the empty right-upper quadrant anxious to receive a new liver. They see and hear and feel who we are as people when we talk to them and, more important, when we listen to them. At night, as the frenetic pace of the day slows, everyonepatients, families, physicians-realizes the toll that the day has taken. I learned that sometimes we all need to simply sit down and listen. It may be the best medicine.
